Individuals with chronic temporal lobe epilepsy (TLE) experience episodic memory deficits that may be progressive in nature. These memory decrements have been shown to increase with the extent of hippocampal damage, a hallmark feature of TLE. Pattern separation, a neural computational mechanism thought to play a role in episodic memory formation, has been shown to be negatively affected by aging and in individuals with known hippocampal dysfunction. Despite the link between poor pattern separation performance and episodic memory deficits, behavioral pattern separation has not been examined in patients with TLE. We examined pattern separation performance in a group of 22 patients with medically-refractory TLE and 20 healthy adults, using a task hypothesized to measure spatial pattern separation with graded levels of spatial interference. We found that individuals with TLE showed less efficient spatial pattern separation performance relative to healthy adults. Poorer spatial pattern separation performance in TLE was associated with poorer visuospatial memory, but only under high interference conditions. In addition, left hippocampal atrophy was associated with poor performance in the high interference condition in TLE. These data suggest that episodic memory impairments in patients with chronic, refractory TLE may be partially due to less efficient pattern separation, which likely reflects their underlying hippocampal dysfunction.
Introduction
Temporal lobe epilepsy (TLE) is the most common treatment resistant partial epilepsy in adults (Engel, 1996) . Hippocampal dysfunction is a hallmark feature of refractory TLE, and is often characterized by neuronal loss within the hippocampus and surrounding medial temporal lobe structures (de Lanerolle et al., 1989) . Due to the role of the hippocampus in memory, the most common cognitive deficits observed in patients with TLE are in episodic memory (Hermann et al., 1997; Viskontas et al., 2000) . These deficits can be quite debilitating and have been shown to increase with the extent of hippocampal damage or following surgical resection of an intact hippocampus (for review see Helmstaedter, 2013; Lee et al., 2002) . Therefore, it is possible that disrupted pattern separation may contribute to episodic memory deficits in patients with known hippocampal dysfunction, including TLE.
To date, most studies of pattern separation have focused on impairments associated with normal or pathological aging (for review see Gilbert et al., 2016) . In particular, several studies have demonstrated that pattern separation performance declines with typical aging Stark et al., 2010) and that this age-related decline reflects hippocampal structural and functional changes (Doxey and Kirwan, 2015; Yassa et al., 2011a Yassa et al., , 2011b . Although spatial memory has been shown to decline with age across different species (Light and Zelinski, 1983; Park et al., 1982; Perlmutter et al., 1981) , only a few studies have examined age-related declines in spatial pattern separation performance Reagh et al., 2016 Reagh et al., , 2014 Stark et al., 2010) . Deficits in pattern separation performance have also been reported in patients with Alzheimer's disease (AD) and mild cognitive impairment (MCI) (Ally et al., 2013; Stark et al., 2013; Yassa et al., 2010) and these deficits have been linked directly to hippocampal dysfunction in both patient groups (Wesnes et al., 2014; Yassa et al., 2010) . Overall, these studies demonstrate that disrupted pattern separation may contribute to visuospatial memory impairments, and that these deficits are likely associated with hippocampal dysfunction.
Despite increasing evidence that poor pattern separation contributes to episodic memory impairments in older adults and other patient populations with known hippocampal damage, and the high incidence of episodic memory impairment and hippocampal atrophy in TLE (de Lanerolle et al., 1989; Hermann et al., 1997) , there are no current studies examining pattern separation performance in patients with TLE. In the present study, we examine the performance of patients with TLE on a previously published task hypothesized to place high demands upon spatial pattern separation Sheppard et al., 2016) . The test was based on a task developed in the mid 1990s for use in animal models (Gilbert et al., 1998 (Gilbert et al., , 2001 ). This was one of the first tests developed to assess pattern separation on a behavioral level. The test was found to be dependent on functioning of the hippocampus (Gilbert et al., 1998) and specifically the DG (Gilbert et al., 2001 ) and CA3 subregions (Gilbert and Kesner, 2006) .
We compare the performance of patients with medically-refractory TLE to healthy, age-and education-matched adults on a delayed matchto sample task for spatial location, with graded levels of interference. We hypothesized that our patients would perform more poorly than healthy adults. In addition, we hypothesized that poorer performance on the task would be associated with hippocampal atrophy, particularly in task conditions that place greater demands on pattern separation (i.e., high spatial interference).
Methods

Participants
This study was approved by the Institutional Review Board at the University of California, San Diego (UC San Diego) and San Diego State University. Informed consent was collected from all participants in accordance to the Declaration of Helsinki. Twenty-two patients with medically-refractory TLE met inclusion/exclusion criteria for the study. Inclusion criterion included a TLE diagnosis, unilateral seizure onset, and age between 18 and 65 years of age. Patients were excluded if they had any MRI-visible lesions besides mesial temporal sclerosis (MTS) or if there was evidence on video-EEG of multifocal seizure onset. No patients showed evidence of bilateral seizure onset. All TLE patients were recruited through referral from the UC San Diego Epilepsy Center. All patients were under surgical evaluation and were diagnosed by board-certified neurologists with expertise in epileptology in accordance with the criteria defined by the International League Against Epilepsy (Kwan et al., 2010) . Primary seizure onset was determined by video-EEG telemetry, seizure semiology, and neuroimaging evaluation.
The presence of MTS was determined by inspection of MRI images by a board-certified neuroradiologist. Of the 22 patients, 13 were diagnosed with right TLE (RLTE; 5 with MTS) and 9 were diagnosed with left TLE (LTLE; 6 with MTS). Twenty healthy adults with no reported history of neurological or psychiatric disorder and who were age and education matched to the patient group were included.
Spatial pattern separation task
All participants were administered a delayed match-to-sample task for spatial location involving four degrees of spatial interference to tax spatial pattern separation Sheppard et al., 2016 ). In the current study, the participant was seated approximately 40 cm in front of a computer monitor. A 15 cm black border was affixed around the perimeter of the screen to eliminate the possibility of using visual cues to remember the spatial location of the stimuli. Each trial consisted of a sample phase followed by a choice phase. During the sample phase, a gray circle measuring 1.7 cm in diameter appeared on the computer screen for 5 s. The circle appeared in one of 18 possible locations within a fixed non-visible horizontal line across the middle of the screen. The participant was instructed in advance to remember the location of the gray circle on the screen. There was a 10 s delay between the sample phase and choice phase during which participants were required to look away from the screen and read a string of random letters to prevent the participant from fixating the eyes on the location of the sample phase circle. After the 10 s delay, a tone was presented to signal the start of the choice phase. During the choice phase, two circles were displayed, one red and one blue. One of the colored circles (target) was in the same location as the original gray circle from the sample phase (correct choice). The foil circle was in a location that was either to the left or the right of the target circle (incorrect choice). There were four possible spatial separations that were used to separate the target and foil circles during the choice phase: 0 cm (edges of each circle were touching), 0.5 cm, 1.0 cm, and 1.5 cm. During the choice phase, the participant was asked to indicate which colored circle (red or blue) was in the same location as the gray circle from the sample phase by stating its color.
There were a total of 48 trials for the task, consisting of 12 trials for each of the four spatial separations. Each group of 12 trials was balanced across the entire width of the screen to ensure that there was not an unintentional bias toward one particular area on the screen. To minimize fatigue effects, the 48 trials were split into two sets of 24 trials, with a break in between. The two sets were identical in design. The order of each set of 24 trials was pseudo-randomized, with the restriction that there were no more than two consecutive trials of the following: (1) spatial separation, (2) correct circle on a particular side, or (3) correct circle of a particular color.
MRI acquisition
Structural data were available for all TLE patients. MRI data were collected on a General Electric Discovery MR750 3 T scanner with an 8-channel phased-array head coil at the Center for Functional MRI at UC San Diego. Image acquisition included a conventional three-plane localizer, GE calibration scan, a T1-weighted 3D customized FSPGR structural sequence (TR = 8.08 ms, TE = 3.16 ms, TI = 600 ms, flip angle = 8°, voxel size 1 × 1.33 × 1.2, FOV = 256 mm, matrix = 256 × 192, slice thickness = 1.2 mm, 172 slices).
Hippocampal segmentation
Individual T1-weighted images were processed with the FreeSurfer (v5.3.0) software package (http://surfer.nmr.mgh.harvard.edu) for semi-automated segmentation and labeling of the hippocampus (Fischl et al., 2002) . Quality control of all images was performed in concordance with the standardized ENIGMA subcortical segmentation protocol (http://enigma.ini.usc.edu/ongoing/enigma-epilepsy/enigmaepilepsy-protocols/). In addition, for this project, careful inspection of all hippocampi was performed by a trained image analyst by overlaying the subcortical segmentation on their T1-weighted images and visually checking for evidence of inaccurate segmentation. In no case were errors in segmentation identified by visual inspection and all patient MRIs were retained in the analysis. In order to control for differences in brain size, we regressed out intracranial volume (ICV), sex, and age from both left and right hippocampal volume.
Neuropsychological measures
Patients with TLE and healthy adults completed the Brief Visuospatial Memory Test-Revised (BVMT-R; Benedict, 1997) to evaluate visuospatial episodic memory and the Benton Judgment of Line Orientation Test (JoLO; Benton et al., 1994) to evaluate visuospatial perceptual skills. The BVMT-R consists of six geometric designs that are shown for a period of 10 s (Benedict, 1997) . Subjects are asked to reproduce the designs immediately after each trial, and scores are summed across three trials to obtain an immediate recall score. Subjects are asked to reproduce the designs following a 25-30 min delay in order to obtain a "delayed recall" score. Immediate recall and delayed recall scores from the BVMT-R were used in the analysis given their sensitivity to memory dysfunction and hippocampal atrophy (Benedict and Groninger, 1995; Bouchard et al., 2008; Troyer et al., 2008) . In addition, both groups completed the Wechsler Memory Scale-III Spatial Span subtest (WMS-III Spatial Span; Wechsler, 1987) to evaluate spatial working memory; the WMS-III Logical Memory subtest to evaluate verbal episodic memory, and the Wechsler Test of Adult Reading (WTAR) to estimate premorbid intellectual functioning,
Statistical analysis
A 3 × 4 mixed analysis of covariance (ANCOVA) model with group (TLE, healthy adults) as the between-subject factor and spatial separation (0 cm, 0.5 cm, 1 cm, 1.5 cm) as the within-subject factor was used to analyze percent of correct responses on the spatial pattern separation task. Given reported sex (Moffat et al., 1998; Yagi et al., 2016) and age differences in spatial memory and pattern separation, we included sex and age as covariates. Analysis of variance (ANOVA), independent t-tests and Fisher's Exact test were used to test differences in demographic variables. Effect sizes were calculated using Cohen's d. Correction for false discovery rate (FDR) was used to control for multiple comparisons.
Results
Participant demographic and neuropsychological data
There were no differences in age or education between TLE patients and healthy adults [Age: t (40) = 1.75, p = 0.088; Education: t (40) = − 1.05, p = 0.300] (See Table 1 ). There were no differences in the distribution of sex (χ 2 = 0.287, Fisher's Exact p = 0.730). Impairment was defined using two clinically-relevant cut-offs 1.0 and 1.5 standard deviation below the normative mean. Based on the 1.5 standard deviation cut-off, seven TLE patients were impaired on the BVMT -R immediate recall and three patients were impaired on the BVMT-delayed recall. Based on the 1.0 standard deviation cut-off, 11 patients were impaired on the BVMT-R immediate recall and four patients were impaired on the BVMT-delayed recall (Table 2) .
Group differences in spatial pattern separation performance
The ANCOVA revealed a significant main effect of group, F (1, 38) = 7.59, p = 0.009, with TLE patients performing worse than the healthy control group (see Fig. 1 ). There was also a significant main effect of spatial separation, Greenhouse-Geisser F (2.87, 109.112) = 3.022, p = 0.033. There was no significant spatial separation by group interaction F (2.87, 109.112) = 1.232, p = 0.301, nor was there a spatial separation by sex interaction F (2.87, 109.112) = 0.446, p = 0.712 or a spatial separation by age interaction, F (2.87, 109.112) = 1.211, p = 0.309. Planned polynomial contrasts revealed a significant linear effect of spatial separation, F (1, 38) = 4.639, p = 0.038. Neither sex (p = 0.753) nor age (p = 0.157) were significant covariates in the model. Smaller spatial separations between stimuli have been hypothesized to result in greater interference and demand for pattern separation than larger separations. As shown in Fig. 1 , as the spatial separation increased, performance improved for both groups. Although the pattern in Fig. 1 appears to reveal a slight increase in performance for the TLE group at the 0.5 cm separation, a pair-wise t-test revealed no significant differences between percent correct at the 0.5 cm and 1 cm separations (t (21) = 0.865, p = 0.397). However, in the TLE group there was a significant difference between performance on the 0 cm and A. Reyes et al. Neuropsychologia 111 (2018) 209-215 1.5 cm separations (t (21) = − 3.716, p = 0.001). The group performed significantly better on 1.5 cm separation (lowest pattern separation demands) compared to the 0 cm separation (highest pattern separation demands). Effect sizes differences between the TLE group and healthy controls at each spatial separation were the following: 0 cm: d = 0.85; 0.5 cm: d = 0.45; 1.0 cm: d = 0.88; 1.5 cm: d = 1.07. To facilitate comparisons with neuropsychological and neuroimaging data, we created "high" and "low" spatial interference conditions by collapsing across the 0 and 0.5 cm spatial separation trials (high interference) and collapsing across the 1.0 and 1.5 cm spatial separation trials (low interference), an approach used in prior studies (e.g., Rotblatt et al., 2015) . This resulted in an increase in the number of trials per interference condition, providing a more robust measure. Effect sizes for group differences at the high and low interference conditions were calculated using Cohen's d. In the high interference condition, there was a medium effect size between TLE patients and healthy adults (d = 0.72) and a large effect size in the low interference condition (d = 1.17).
Relationship between TLE-related clinical variables and pattern separation performance
Differences in task performance between RTLE and LTLE and MTS and non-MTS patients were assessed using Mann-Whitney U tests due to small sample size. There were no differences between RTLE and LTLE patients in any of the four spatial separations (0 cm: U = 49.0, p = 1.0; 0.5 cm: U = 43.0, p = 0.609; 1.0 cm: U = 41.5, p = 0.55; 1.5 cm: U = 37.5, p = 0.37). There were no differences between patients with MTS and those without MTS in any of the four spatial separations (0 cm: U = 49.5, p = 0.478; 0.5 cm: U = 58.0, p = 0.898; 1.0 cm: U = 53.5, p = 0.652; 1.5 cm: U = 41.0, p = 0.217). To determine the unique contribution of epilepsy-related variables (e.g., disease duration, age of seizure onset) on task performance in the high and low interference conditions, multiple linear regressions were conducted. Neither disease duration nor age of seizure onset significantly contributed to performance on the high interference condition (age of onset β = − 0.010, p = 0.854; duration β = − 0.061, p = 0.259) or low interference condition (age of onset β = − 0.003, p = 0.956; duration β = − 0.043, p = 0.397).
Relationship between neuropsychological measures and spatial pattern separation in patients with TLE and healthy controls
We conducted partial correlations controlling for age, to examine relationships between raw scores on neuropsychological measures and performance in the high and low interference conditions in TLE patients and healthy adults. In TLE patients, poorer performance in the high spatial interference condition was associated with lower scores on BVMT-R delayed recall and with lower scores on Spatial Span backwards (see Table 3 ). Given that Spatial Span backwards was correlated with performance on the high interference condition, we also ran a partial correlation analysis between scores on the BVMT-R delayed recall and the high interference condition controlling for Spatial Span backwards, and this association remained significant (Partial r = 0.496, p = 0.026). In healthy adults, poorer performance in the high spatial interference condition was associated with lower scores on the BVMT-R delayed recall.
Relationship between hippocampal volume and spatial pattern separation
Hippocampal volumes were available for all TLE patients. No participants were excluded due to poor hippocampal segmentation. One patient was identified as a significant outlier (left hippocampal volume was greater than three standard deviations below the mean of the entire group) and was removed from the correlation analysis. Intracranial volume, sex and age were regressed out from hippocampal volumes; age and sex were regressed out from the spatial pattern separation task scores. These residuals were then used to examine the relationship between left and right hippocampal volumes and performance in both the high and the low interference conditions. Lower left hippocampal volume was associated with poorer performance on the high interference condition (Spearman rho = 0.483, p = 0.004) (Fig. 2) . There was no significant association between left hippocampal volume and the low interference condition (Spearman rho = 0.247 p = 0.281); right hippocampal volume was not associated with performance on the high interference condition (Spearman rho = − 0.01, p = 0.964) or low interference condition (Spearman rho = − 0.113, p = 0.626).
To determine the impact of side of seizure onset and MTS status on the association between hippocampal volume and performance on the high interference condition, we ran partial correlations on the residuals controlling for MTS status and side of seizure onset. Lower left hippocampal atrophy was still associated with lower performance on the high interference condition (partial r = 0.668, p = 0.002). Right hippocampal volume was not associated with performance on the high interference condition (partial r = 0.075, p = 0.760).
Discussion
We present the first data on pattern separation performance in patients with TLE using a previously published behavioral spatial pattern separation task that has been linked to episodic memory decline in older adults Sheppard et al., 2016) . Our data revealed three novel findings: (1) individuals with TLE show impaired spatial pattern separation performance relative to healthy age-and education-matched adults (2) poor spatial pattern separation performance in TLE is associated with visuospatial episodic memory impairment; and (3) under high spatial interference conditions, pattern A. Reyes et al. Neuropsychologia 111 (2018) 209-215 separation performance is associated with the extent of left hippocampal atrophy in TLE. These findings reinforce the idea that episodic memory deficits in TLE may, in part, reflect less efficient hippocampaldependent pattern separation processes. Episodic memory deficits are among the most common cognitive impairments associated with TLE (Helmstaedter et al., 2003) . As noted above, the most striking finding in this study is that on a task hypothesized to assess spatial pattern separation, patients with TLE performed significantly worse than a demographically similar group of healthy adults. Like the healthy controls, patients with TLE showed increased accuracy as the level of interference decreased. In addition, associations between pattern separation performance and delayed recall on the BVMT remained significant even after controlling for spatial attention/working memory performance. These data suggest that poor pattern separation in TLE, may help explain the episodic memory impairments commonly found in this clinical population (Hermann et al., 1997) .
Our current findings in TLE are highly consistent with those of , which utilized the same delayed-match-to-sample task in older adults. In both studies, performance improved as the level of spatial separation increased, thus decreasing the demand for pattern separation. In addition, both groups exhibited poorer accuracy relative to the healthy young control group of comparison. As previously mentioned, in our study effect sizes for group differences were medium to large between TLE patients and healthy adults for both high and low interference conditions, respectively. In fact, these effect sizes appear larger than the effect sizes between young and older adults reported by . In another study using the same task, Sheppard et al. (2016) found that a group of cognitively intact older adult carriers of the apolipoprotein epsilon E4 allele (APOE-ε4) performed worse than APOE-ε4 non-carriers and younger adults. These studies provide further evidence that this task is sensitive to spatial pattern separation deficits in patients with known hippocampal injury, as well as those at risk for hippocampal dysfunction and subsequent memory decline. Thus, spatial pattern separation tasks could be used in conjunction with standard neuropsychological measures to improve the detection of memory impairment and/or identify individuals at highest risk for future memory decline.
A second key finding in this study is that poorer pattern separation performance was associated with lower visuospatial memory scores in both patients with TLE and healthy adults. Specifically, in patients with TLE poorer pattern separation under high levels of interference was associated with poorer spatial working memory and delayed visuospatial memory. However, the association between poor spatial pattern separation and delayed visuospatial memory in patients with TLE does not seen to be accounted for by deficits in spatial attention/working memory. In healthy adults, poorer performance in the high interference condition was also associated with poorer performance on delayed visuospatial memory. It is of interest that only the TLE group seemed to rely partially on spatial working memory abilities to complete the task. Previous studies have shown an association between poorer spatial working memory and poorer pattern separation performance under high levels of interference in older adults (DeFord et al., 2016) . Notably, although there were trends between pattern separation performance and a test of basic visuospatial processing, these associations were not significant, therefore, visuospatial processing was not driving pattern separation performance. These data suggest that the association between spatial pattern separation performance and visuospatial memory is not unique to TLE, but may also capture some of the individual variability in visuospatial memory observed in healthy populations.
A third novel finding of this study was an association between poorer pattern separation and left hippocampal volume loss in TLE. Although this may seem counterintuitive given the data implicating the right hippocampus in visuospatial memory (Abrahams et al., 1999; Bohbot et al., 1998; Maguire et al., 1997; Milner, 1965) , the relationship between hippocampal involvement and pattern separation performance has been inconsistent. Some studies have reported an association between pattern separation and the right hippocampus (Motley and Kirwan, 2012) , whereas others have reported an association with the left hippocampus (Doxey and Kirwan, 2015) . In a recent restingstate fMRI study, Doxey and Kirwan (2015) found that greater left CA3/ DG hippocampal subfield activations were associated with better pattern separation performance on an object mnemonic discrimination task. The authors suggested that this association could be attributed to the type of mnemonic strategy the participants used during the task. In addition, although verbal and visuospatial memory were classically thought to be segregated and rely on the left and right hippocampus, respectively, there is now sufficient evidence from both clinical and experimental studies that the concept of "material-specificity" is oversimplified and that visuospatial memory may rely on both hippocampi (Saling, 2009) . In fact, Kumaran and Maguire (2007) found that the left hippocampus was primarily recruited during a visuospatial memory task that involved either a match or mismatch of spatial and temporal components. In addition, in an fMRI study, Igloi et al. (2010) found greater activation of the left hippocampus when subjects used egocentric strategies to solve a spatial navigation task, whereas the right hippocampi was involved when allocentric or map-based navigation strategies were employed. Although the reasons that we found an association with left hippocampal volume in our study is not clear, it is possible that one or more processes involved in visuospatial pattern separation or the strategies employed to perform the task, place greater demands on the left hippocampus than the right.
In this study, we calculated total right and left hippocampal volumes. Despite the association with left hippocampal volume, we did not find an association between right hippocampal volume and spatial pattern separation performance. However, given increasing evidence that pattern separation depends largely on the integrity of CA3/DG (Doxey and Kirwan, 2015; Gilbert and Brushfield, 2009; Gilbert and Kesner, 2006; Yassa and Stark, 2011) , a more enriched analysis would focus on the relationship between pattern separation and volume loss or loss of dendritic microstructure within hippocampal subfields, as well as their afferent and efferent connections. Recent data using ultrahighresolution resting-state fMRI and DTI in older adults has shown that altered functional activation within CA3/DG during pattern separation (i.e., "behavioral rigidity") was associated with reduced integrity of CA3/DG coupled with compromise to the primary afferent input to these subfields from the entorhinal cortex (i.e., the perforant path) (Yassa et al., 2011a (Yassa et al., , 2011b . Thus, an analysis that focuses on structural and microstructural changes within a broader hippocampal network in TLE, including the entorhinal cortex and perforant path, may further explain pattern separation deficits in TLE and other neurological disorders. This type of subfield analysis may also unveil an association between one or more right hippocampal subfields and spatial pattern separation performance that was not revealed when examining whole right hippocampal volume. In addition, although the association between left hippocampal volume and pattern separation performance was significant while controlling for MTS status and side of seizure onset, a subfield analysis may reveal subtler differences among patients with distinctive TLE clinical characteristics (i.e., RTLE vs. LTLE, MTS positive vs. MTS negative).
Several limitations of this study should be addressed. First, it is important to note that pattern separation is a process that occurs at a neural level. Although there are a growing number of studies that examine pattern separation on a behavioral level, we must be cautious when attributing results to deficits in pattern separation as this cannot be fully validated at the behavioral level with any task. Second, we did not find a significant group by spatial separation interaction; instead we found that patients with TLE show a similar increase in performance across separation relative to the healthy adult group, but with poorer accuracy across all conditions. In fact, the greatest group differences were found on the largest separation condition. It is of note that this exact same pattern of performance has been demonstrated in previous studies examining pattern separation performance in normal and pathological aging Sheppard et al., 2016; Stark et al., 2010) . Thus, although a group by level of interference interaction would appear to provide the most robust evidence of impaired pattern separation in TLE, this finding may not be necessary and/or the relationship may be more general. That is, the association between pattern separation performance and memory performance may capture individual variability present in healthy populations, which is exacerbated in the face of certain disease pathologies. Third, although our study focuses on the potential contribution of poor pattern separation to impaired visuospatial memory in TLE, impairments in other processes such as pattern completion may also have contributed to lower visuospatial memory performance. Fourth, our sample size was too small to divide the patients into LTLE and RTLE groups or between MTS negative and MTS positive. However, there were no significant differences in performance across levels of interference between patients with LTLE and RTLE and between patients with and without MTS and therefore, we combined our patients into a single group. In addition, given the small sample size we were not able to run volumetric analyses with these subgroups. Future studies with a larger sample are needed in order to examine subtle differences among these groups, particularly differences in patients with and without MTS. Fifth as noted above, we did not analyze volume loss within specific hippocampal subfields. Because there is mounting evidence demonstrating that CA3 and DG subfields are essential for pattern separation, future studies evaluating the association between hippocampal subfields and spatial pattern separation in TLE would be of great interest. Finally, we did not have neuroimaging data in the healthy control group, and therefore, we are unable to determine whether poor pattern separation using the task described in our study is associated with hippocampal volume loss outside of patients with medically-refractory TLE.
Conclusion
We demonstrate that patients with chronic, refractory TLE show impairments on a task hypothesized to measure spatial pattern separation, and that poor pattern separation may be associated with hippocampal pathology and contribute to spatial episodic memory impairments observed in many patients with TLE.
